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W ith new technology,
there are typically risks
and benefits. Potential
harm is often not real-

ized until years later. At the end of
2011, there were almost 6 billion
mobile subscriptions. That is a dra-
matic increase from 5.4 billion in
2010 and 4.7 billion mobile subscrip-
tions in 2009 (International Tele -
communications Union, 2011). Due
to its relatively short-term consumer
use, concerned citizens are still exam-
ining the consequences of its radio
frequency (RF) (Walsh, 2010). Three
out of every four children under 12
years of age use a cell phone
(Fernandez, 2011).

Worldwide, many researchers have
raised the issue of the possible harm
considering the increas ed use and
cumulative effect of RF (Hardell,
Carlberg, & Hansson, 2009). This is of
concern regarding children; because
of their thinner skulls and developing
brains, they may be more susceptible
to cellular damage. Several countries
have issued warnings about cell
phone use for children, but the
United States government has not.
According to the U.S. Government
Accountability Office (GAO), scientif-
ic research has not demonstrated
adverse human health effects of expo-
sure to RF energy from mobile phone
use, but research is ongoing that may
increase understanding of any possi-
ble effects. In addition, officials from
the Food and Drug Administration
(FDA) and the National Institutes of
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Health (NIH), as well as experts inter-
viewed by GAO, have reached similar
conclusions about the scientific
research. Ongoing research examining
the health effects of RF energy expo-
sure is funded and supported by feder-
al agencies, international organiza-
tions, and the mobile phone industry.
NIH is the only federal agency GAO
interviewed that is directly funding
studies in this area, but other agencies
support research under way by collab-
orating with NIH or other organiza-
tions to conduct studies and identify
areas for additional research (GAO,
2012).

Evidence to support the concern
about RF effects continues to emerge.
A trial led by Dr. Nora Volkow,
Director of the National Institute on
Drug Abuse, raises further questions.
Forty-seven volunteers were asked to
undergo two position-emission tomo -
graphy (PET) scans, which measures
glucose consumption in the brain, an
indication of how cells use energy. For
both 50-minute scans, the volunteers
had a cell phone fixed to each ear.
During the first scan, the devices were
turned off, but for the second scan,
the phone on the right ear was
switched on and received a recorded
message call. The results of the second
scan showed that the regions of the
brain nearest the device’s antenna had

higher rates of glucose consumption
than the rest of the brain (Volkow et
al., 2011). 

Increase in glucose metabolism is
normal and occurs as various parts of
the brain are activated during speak-
ing, thinking, or moving (amount
varies with activity). What is un -
known, however, is whether repeated
spikes in activity due to exposure to
electromagnetic radiation from cell
phones can permanently alter brain
function or result in harm (Park,
2011). In a Podcast interview, Dr.
Volkow states this study showed that
the human brain is indeed sensitive to
the electromagnetic radiation emitted
from cell phones. Because the brain
uses glucose when it is activated, Dr.
Volkow interpreted this to mean elec-
tromagnetic waves in the brain were
activating the cells. The conclusions
from the study state that while no
harm was seen immediately, it further
raises the question of possible damage
if the brain is stimulated over many
years. Concern is raised in regard to
children and adolescents, whose
brains are still developing, with many
neurological connections being formed.
Potential effects this type of radiation
may have on the formation or the
deletion of these synaptic connections
remains un known; thus, cell phone
use by children and adolescents is an
area of concern (Volkow, 2011).
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The National Cancer Institute
(NCI), an agency of the National
Institutes of Health (NIH), claims
more studies are needed to determine
the risk of long-term use of cell
phones for children and adolescents.
NCI indicates that results from studies
have been “inconsistent and have not
addressed adequately many questions
regarding cancer and other adverse
health effects of cell phone use partic-
ularly among children or heavy or
long-term users of cell phones” (NCI,
2010, p. 1). NIH is exploring this im -
portant exposure and continues to in -
vest in research to further the under-
standing of the potential health ef -
fects of cell phone use.

The American Cancer Society
also expresses qualms. There is a lack
of data on the risk to children, many
of whom start using cell phones early
in life. The frequent use of cell phones
by young children is of particular
concern because the RF waves from
cell phones reach more brain tissue in
children than in adults (due to thin-
ner cranium). “It is important that
these issues continue to be studied in
children, with longer term use, and
through prospective studies” (Snowden,
2010, p. 1).

Electromagnetic Fields,
Radio Frequency, and
Specific Absorption Rates 

As cell phones make and take
calls, they emit low levels of RF radia-
tion. Everyone is exposed to electro-
magnetic fields (EMFs) with cell
phones or mobile devices and are also
described as radio frequency (RF),
which is a waveform found in the EMF
spectrum. RF is one of several energy
forms, all of which exhibit wave-like
behavior but travel at different rates
through space. EMF has both electrical

different positions on the phone, and
thus, would affect the area of the
brain closest to the antenna. This
higher exposure is caused by differ-
ences in anatomical proportions. The
exposed regions inside the brain (test-
ed on children 3 years of age and 7
years of age) showed higher uptake in
comparison to adults. Because of dif-
ferences in position (affected by the
anatomical proportions) with regard
to the ear and brain, regions close to
the surface can exhibit significant dif-
ferences in exposure in children
(Christ, Goesselin, Christopoulus,
Kuhn, & Kuster, 2010). The permissi-
ble SAR level is based on the amount
of absorption of a standard anthropo-
morphic man who weighs more than
200 pounds and has an 11-pound
head; the level is not tailored for per-
sons of smaller dimensions (Davis,
2010). “These advances in our under-
standing have not had any impact on
the way that cell phones are tested
and rated” (Davis, 2010, p. 82).

Phone companies are required by
law to state the SAR on its packaging
so RF exposure can be measured (Kohl
& Sachdev, 2009). The highest at-ear
rating for voice calls for the Apple
iPhone 4TM, one of the most popular
phones available, is l.l7 watts per kilo-
gram. The Apple iPhone 4 safety man-
ual states exposure should not exceed
FCC guidelines. When using the
iPhone for voice call or for wireless
data transmission over a cellular net-
work, Dellorto (2011) recommends
keeping the phone at least 15 mil-
limeters (5/8 inch) away from the
body. The FCC’s Web site (see Figure
1) provides information regarding
SAR of cell phones. Nurses can help
consumers become aware of and use
this information when selecting cell
phones.

and magnetic field components that
oscillate (move) as the energy travels.
The EMF spectrum, in order of increas-
ing frequency and decreasing wave-
length, consists of radio frequency,
micro waves, infrared radiation, visible
light, ultraviolet radiation X-rays, and
gamma rays. RF is a slow, low-energy
moving wave of EMF and is believed
to do little harm, unlike higher energy
X-rays, which are also part of the EMF
spectrum. RF is non-ionizing; thus,
not causing the breakup of ionic
molecular bonds. The concern is that
wireless devices have increased in use
in society, especially among children.
RF standards set by the Federal
Communications Commi ssion (FCC)
are set at levels too low to cause signif-
icant heating of tissue. “Cell signals
are weak, invisible, and as fast as the
speed of light. This low power radio
frequency radiation cannot heat
human tissue, so it is presumed to be
safe” (Davis, 20l0, p. 56).

The amount of RF absorbed if the
cell phone is in contact with the head
is measured in terms of specific
absorption rate (SAR). The FCC has
determined it is safe to set phones at
RF emissions up to l.6 watts per kilo-
gram of body tissue. SAR determina-
tion combines information on signal
strength and the type and amount of
tissue exposed. The computation for
SAR includes how thick the tissue
closest to the antenna is and how
much the tissue weighs; its mass
determines the absorption (Davis,
2010). However, these determinations
were made based on adults. In a study
of SAR exposure to children, results
show the locally induced fields for
children can be significantly higher
due to the close proximity of the
phone to these tissues in the area of
the head that is close to the antenna
(Baan et al., 2011). Depending on the
phone design, the antenna can be in
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Figure 1. 
Web Sites for Updated Information on Cell Phone Concerns

Organization Web Site

Environmental Health Trust (EHT)
Provides information about the concerns of radiation and cell
phone usage and what people can do to protect themselves.

http://ehtrust.org/cell-phones-radiation-3/

Environmental Working Group (EWG)
A search result within the EWG Web site that provides 
various resources about cell phone concerns, including 
radiation.

http://www.ewg.org/search/ewgsearch/cell+phones+radiation

Federal Communications Commission (FCC)
Provides information on specific absorption rates for phone
models.

http://transition.fcc.gov/cgb/consumerfacts/sar.pdf
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What This Means 
For Children 

Radiation exposures are higher for
children than adults because children
have thinner skulls, and their brains
have higher water and higher ion
(charged particle) content. All of these
three factors en hance radiation pene-
tration. Re searchers in the United
States, France, and Japan have report-
ed that a child’s brain absorbs twice
the amount of radiation compared to
that of an adult (Envi ronmental Wor -
king Group, 2010). Higher exposure
combined with sensitive, developing
brain tissue leave children at a greater
risk for cell phone radiation (Environ -
mental Working Group, 2009).

NCI Director Robert N. Hoover,
MD, in a statement before Congress
on the effects of cell phone use,
reported: 

We know that cell phone use is
increasing rapidly among children
and adolescents. They are a poten-
tially sensitive group be cause their
small head size could result in high-
er RF exposure, and the young brain
may be more sensitive. While there
are many unanswered questions, the
cost of doing nothing will result in
many young people being at in -
creased cancer risk (Hoover, as
cited in Carpenter, 2010, p. 1).

Reliability of the Studies 
Brain tumors from radiation can

take a long time to develop, some-
times greater than 10 to 15 years,
according to the American Cancer
Society (Mead, 2008). A few studies
have investigated the safety of cell
phones by evaluating the overall
health of individuals who have used
cell phones for 10 years or more.
Critics express concern that these
studies are flawed because a) studies
have relied on self-reporting or retro-
spective in terviewing in determining
use; b) radiation exposure varies with
different phone models, how the
phone is used, and where the phone
is used; and c) it is nearly impossible
to eliminate exposure to RF from
other sources and study only the iso-
lated effects of cell phones (Kohl &
Sachdev, 2009).

In sum, studies that do not con-
trol for the different variables associ-
ated with cell phone use may be unre-
liable (Kohl & Sachdev, 2009). The
evaluation of cancer risk factors is
challenging because of cancer’s long
latency. Some studies of longer-term
cell phone use found an increased risk

diagnosed with a brain tumor on the
same side of the head as used for the
cell phone. Data were gathered from
the Interphone group studies, which
included research from Sweden,
Denmark, the United Kingdom,
Germany, and Finland from 1995 to
2004. Though cell phones have
decreased in size, their SAR remains
essentially the same. Therefore, con-
clusions from this study state that in
the absence of timely interventions
and given the increased use of wire-
less technology globally, especially
among the younger generation, it is
likely that the incidence of primary
brain tumors will increase (Khurana,
Teo, Kundi, Hardell, & Carlberg,
2009).

Most Current Data on
Children’s Health Risks
From Cell Phone Use 

An international Swiss case-con-
trolled study (including Denmark,
Norway, Switzerland, and Sweden)
examined medical records of children
7 to 19 years of age with brain tumors
from 2004 to 2008 and interviewed
these patients. Children with brain
cancer (n = 352) were studied along-
side a control group (n = 634). Results
indicated that patients with brain
cancer were not statistically signifi-
cantly more likely to have been
greater users of cell phones than their
counterparts (Aydin et al., 2011).

This study was immediately cri-
tiqued. The children’s study, based on
self-reported data, has limitations.
Participants with brain cancer may
have compromised recall as to their
use of cell phones, and the researchers
were not able to use billing records
precisely. Subjects had been using cell
phones for an average of about four
years, which might not be long
enough to evaluate the cancer risk.
Further, the time the children spent
on voice calls where the phone was to
the ear was small. Dr. Roosli, one of
the Swiss study’s researchers, ack -
nowledged that there are limitations
in the research, but because mobile
phone usage continues to rise, any
possible health effects in children
should be monitored closely (Naik,
2011). 

According to the Interna tional
Agency for Research on Cancer, an
agency for the World Health Organi -
zation (WHO), radiation from cell
phones can possibly cause cancer. The
agency now lists mobile phone use in
the same carcinogenic hazard classifi-
cation as lead, engine exhaust, and

of cancer (Hardell et al., 2009).
Designing studies using retrospective
billing records that provide independ-
ent evaluations of exposure and in -
corporating data on other key po -
tential risk factors (such as genetics)
from questionnaires could markedly
advance the effort to evaluate the role
of cell phones in causing cancer (Han,
Hideyuki, Davis, Nirajan, & Lunsford,
2009). 

Dr. Henry Lai, a research professor
in the bioengineering de partment at
the University of Washington, began
studying the effects of radiation in
1980. He found that rats exposed to RF
radiation had damaged brain DNA. He
maintains a database of 400 scientific
papers on possible biological effects of
radiation from wireless communica-
tions. When categorizing these papers
according to funding source, he noted
something of concern. Findings from
67% of those not funded by the wire-
less industry indicated possible biolog-
ical effects of radiation from cell
phone use, but when the funding
source was the wireless industry, the
percent of studies that linked cell
phones and biologic effect was only
28% (Stross, 2010).

Ipsilateral Brain Tumor
And Cell Phone Use 

Findings from two studies that
investigated the health of individuals
following 10 years of cell phone use
revealed some harmful effects of RF
on the ipsilateal side (same side as the
cell phone is held). Dr. L. Hardell of
the University Hospital of Sweden
and the study team interviewed per-
sons with recent brain tumors. One
question was, “Which side of the
head is the mobile phone used?”
During this time, Dr. Hardell oversaw
several smaller studies on the ques-
tion being conducted throughout
Europe. He noted a consistent pattern
of an increased risk for acoustic neu-
roma (benign tumors growing near
auditory and vestibular portions of
nerve VIII, but can grow and cause
contact with the brain stem) and
glioma (a malignant brain tumor) fol-
lowing 10 years of cell phone use. The
mega-analysis yielded an odds ratio of
l.9 and a 95% confidence interval for
ipsilateral exposure, whereas con-
tralateral exposure still produced an
increased risk, but it was insignificant
(Hardell et al., 2009).

Dr. Khurana of Australia also
found evidence of brain tumors with
cell phone use. The study concluded
that using a cell phone for more than
l0 years doubled the risk of being
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chloroform. This announcement was
made after researchers at WHO exam-
ined peer-reviewed studies on cell
phone safety (Dellorto, 2011).

Research Continues on
Brain Cancer in Children
And Cell Phone Use 

The Centre for Research in En -
vironmental Epidemiology (CREAL) is
investigating cell phone use and can-
cer risk in children and adolescents
through the MobiKids program, fund-
ed by the European Union. Initiated
in 2010, CREAL is a l6-centered col-
laboration to investigate the risk of
brain cancer from exposure to RF
fields in childhood and adolescence
l0 to 24 years of age. Over a period of
two-and-a-half to three years, nearly
200 young people with brain tumors
will be invited to participate in this
study. The study will use a detailed
questionnaire covering demographic
factors, residential history, and risk
factors in the environment, in cluding
the use of cell phones (CREAL, 2010).
Also underway is a 5 million dollar
study sponsored by the U.S. National
Toxicology Program to assess the risk
to 3,000 rats and mice exposed to RF
for l0 hours daily from birth to old
age (Thun, 2010). The U.S. Food and
Drug Administration requested this
study because a) there is widespread
human usage of cell phones, b) current
exposure guidelines are based on pro-
tection from acute injury from ther-
mal effects (not long-term), c) little is
known about the potential for health
effects of long-term exposure, and d)
sufficient data from human studies to
definitively answer these questions
may not be available for many years.

Rats and mice will be exposed to
radio frequency radiation from the
technologies that are currently used
in the United States. Cell phone radi-
ation will be administered at various
intervals during the day (Bucher &
the Committee on Appropriations,
2010). Further, GAO (2012) requests
that the Federal Communications Com -
mission (FCC) should formally re -
assess and if appropriate change the
current RF energy exposure limit, as
well as mobile phone testing require-
ments, particularly when cell phones
are held against the body.

Recommendations
Ten-year longitudinal studies that

are not sponsored in any way by
telecommunication services or manu-
facturers of cell phones need to be

nurses are in a good position to com-
municate to older children, teens, and
parents about RF emissions from cell
phone antennae and what steps can
be taken to reduce this exposure and
still benefit from the technology.
Using a Bluetooth or the earpiece
reduces the amount of radiation to
the brain; the radiation effect drops
exponentially as the antenna moves
away from the head. Even using a
speakerphone several inches away
from the head reduces exposure sig-
nificantly. Text messaging is another
option because the cell phone is held
away from the head while in use.
Nurses can become politically active
and request their legislators to craft
legislation that provides warnings
and protects children from radiation
exposure as France, Toronto, India,
and Israel have done. Through their
specialty nursing associations, nurses
can create position statements and
submit them for publication in pro-
fessional journals and lay publica-
tions. Nurses can encourage their pro-
fessional organizations to advocate
for research on this topic and partici-
pate in research if the opportunity be -
comes available.

Specific recommendations by the
American Cancer Society and the
Environmental Working Group to
reduce RF exposure are listed in Table 1.

conducted on adults and children to
learn definitively the relationship
between RF, cell phone use, and pri-
mary brain tumor. These studies have
to be designed to obtain precise data
that include radiation emission from
the cell phone, amount of time (both
call length and frequency) the phone
is used, which side of the brain is
exposed, age of the subject, and radi-
ation exposure. The protocol should
contain an ethically sensitive clause
that if early results indicate a connec-
tion between RF and brain cancer, the
subjects will be informed, and the
study stopped to decrease risk to par-
ticipants. A trial case study comparing
pa tients who have cancer with
healthy patients using phone log data
in which only the subject is using the
phone is needed (Mukherjee, 2011).
Consumers need to be educated about
the most recent findings. 

Nurses are a particularly valuable
resource for educating children and
parents about health-related con-
cerns. Nurses in clinics and hospitals
attended by parents and children can
create educational wall posters that
display how RF exposure can be
reduced. School nurses can also post
information about RF on display
boards and be available should par-
ents and children request further
information. As trusted professionals,
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Table 1.
Recommendations for Minimizing Radio Frequency Exposure

Intervention Commentary

1. Use a wired headset or
speakerphone.

The antenna is the major source of
radiation frequency. Keep away from
head.

2. Purchase a cell phone with a lower
specific absorption rate (SAR).

Cell phone companies are required to
post SARs on insert literature. Parents
can find information from manufacturer
on line.

3. Limit children’s use of cell phones
until they are 16 years of age.

Parents and schools can limit the time
periods children may use cell phones by
taking away cell phones when they
return to the house and monitoring
minutes used.

4. Teach children to switch ears daily
and not to press close to the ear
until connection is made.

Reduces exposure to the same side and
reduces accumulation to tissue.

5. Parents might check areas where
the signal is weak and not allow
children to use cell phones in these
areas.

Weak areas require increased energy
from source to reach the antenna; thus,
more radiation exposure.

Note: Interventions l and 2 are recommended by the American Cancer Society
(Snowden, 2009). Interventions 3, 4, and 5 are recommended by the Environmental
Working Group (2009).
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Nurses have the opportunity to post
and promote these recommenda-
tions.

Conclusions
Several studies are in process that

will give valuable information regard-
ing the safety of exposure to radio fre-
quency. When available, these data
will contribute to the scientific data-
base and guide governmental agen-
cies to better determine public policy
with regard to cell phones. Many
noteworthy scientists and public safe-
ty agencies have requested additional
research because at present, not
enough information exists on which
to base conclusions and make recom-
mendations about long-term effects
of cell phone radiation, especially
with regard to children.

Clinical conditions caused by
environmental exposure often devel-
op over a prolonged period of time;
the exposed person might not exhibit
any symptoms. The dangers of asbes -
tos and cigarettes were not known
until after years of exposure and
research. Given the new information
on the possible dangers of RF and the
limitations of previous studies, a pre-
cautionary principle should be imple-
mented. Informing parents and chil-
dren about the recommendation to
reduce RF exposure through monitor-
ing SARs, and using devices and
strategies to decrease exposure may
prevent damage to children. The wire-
less industry is unlikely to initiate this
policy, but nurses are in a position to
inform consumers of the findings.
Safeguarding children can occur if
nurses are facilitators in their work-
place and can disseminate informa-
tion, which would result in a “precau-
tionary” approach until findings are
conclusive.

Nurses can keep themselves and
the public informed by monitoring
various Web sites that update infor-
mation on cell phones (see Figure 1).
Nurses are health advocates, and thus,
responsible to keep the public inform -
ed of scientists’ concerns about the
long-term effects of exposure to RF. By
teaching parents and children how to
minimize exposure, yet enjoy the
benefits of wireless technology, nurses
can promote the health and well-
being of families. 
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